Glomerular hypertension has been established as a major factor contributing to glomerular scarring. Underlying cellular mechanisms leading to matrix accumulation are largely unknown. The isolated effect of oscillating hyperbaric pressure [OP ; P max 50 mmHg (1 mmHg l 0.133 kPa), P mean 24 mmHg, with a fixed oscillation of 60\min] on matrix-degrading protease secretion by rat mesangial cells (MCs) was analysed using a pressure chamber model described previously [Mertens, Espenkott, Venjakob, Heintz, Handt and Sieberth (1998) Hypertension 32, 945-952]. MCs were grown under atmospheric pressure (AP) or a controlled OP, and protease synthesis and gene transcription were analysed. A distinct biphasic cellular response to OP with stimulated gelatinase A protein expression and enzyme activity during the initial 24 h, and subsequent inhibition, was apparent, as shown by gelatin zymography. Gelatinase B activity remained unchanged. The abundance of gelatinase A transcripts, determined by reverse transcriptase-PCR, indicated a concordant
INTRODUCTION
Intraglomerular hypertension is a central determinant of glomerulosclerosis progression, characterized by extended extracellular matrix deposition. Therapeutic interventions that reduce the transcapillary pressure gradient, and thereby intracapillary pressure, e.g. with angiotensin-converting enzyme inhibitors and low-protein diets, can attenuate progression of glomerulosclerosis [1] [2] [3] [4] . Laboratory studies have shown that a loss of afferent arteriole pressure autoregulation [5] is accompanied by increased intracapillary pressure. Nevertheless, little information is available on direct pathophysiological effects of glomerular intracapillary pressure on intrinsic glomerular cells and matrix turnover. The normal mesangial matrix mainly consists of type IV collagen, laminin, fibronectin and proteoglycans. In mesangioproliferative disease, additional deposition of interstitial type I and III collagens occurs. Gelatinase A [or matrix metalloproteinase-2 (MMP-2) ; also known as 72 kDa type IV collagenase] is a key component involved in the turnover of glomerular extracellular matrix under (patho-)physiological conditions [6] . This enzyme belongs to a family of metalloproteinases that are characterized by activity at neutral pH, dependence upon zinc and bivalent cations for catalytic activity, secretion as latent proenzymes and inhibition by tissue inhibitors of metalloproteinases (' TIMPs '). Gelatinase A expression in mesangial cells (MCs) is highly regulated in i o and in itro [6, 7] . Harendza et al. [7] observed induced gelatinase A expression in a rat model of mesangioproliferative glomerulonephritis. At the same time,
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regulation of gene transcription. To elucidate underlying regulatory events, reporter constructs were transfected. In these experiments, a recently identified response element, RE-1, conferred a significant stimulatory effect within the initial 4 h of OP. Nuclear protein\RE-1 binding studies revealed additional complexes from 5 min up to 3 h after OP exposure, with intensities dependent on P max . STAT3 was identified as a component of these novel complexes. Down-regulation of cis-activity after 48 h of OP exposure was not transferred via the proximal 1686 bp of the gelatinase A regulatory sequence. In conclusion, hyperbaric OP elicits time-dependent changes in rat MC gelatinase A gene transcription.
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inhibition of protease activity ameliorated changes in the same model [8] . Controversial opinions exist concerning whether the effects of gelatinase A are beneficial or deleterious during the course of glomerular disease : on the one hand, its action as a protease might contribute to matrix degradation with prevention of matrix accumulation ; on the other hand, gelatinase A has been shown to directly activate MCs to the prosclerotic phenotype [9] . In this respect, increased expression of gelatinase A in the antiThy1.1 model might contribute to restoration of the mesangial architecture, whereas decreased expression might contribute to glomerular scarring. Another member of the MMP gene family, gelatinase B, is also synthesized by MCs at low levels, although its involvement in mesangioproliferative diseases has not been thoroughly established. Numerous studies have investigated the mesangial matrix metabolism and, amongst others, identified shear stress forces as regulatory events [10] [11] [12] [13] . A cyclical stretch-relaxation model (e.g. of flexible culture-plate undersurfaces) was derived from observations with isolated glomeruli, in which enhanced perfusion pressure led to progressive glomerular volume expansion [4, [10] [11] [12] [13] [14] . In such studies, shear forces profoundly affected mesangial cell growth, matrix synthesis and intermediary filament distribution [4, [15] [16] [17] [18] [19] . Besides these shear forces, profound increases of intraglomerular pressure have been postulated, since intraglomerular capillary pressure alterations might be conferred on the mesangial compartment, because an interfering basement membrane is absent and a close spatial relationship between the mesangium and the surrounding intracapillary space exists [20, 21] . Recent models have focused on pressure-related effects on cell phenotypes, signalling events and changes in matrix synthesis and composition [22] [23] [24] [25] . In this and other models with pressure-load, a significant matrix accumulation was detected, whereas, at the same time, cell proliferation was inhibited [23, 25] . In the present study, we set out to elucidate the influence of oscillating hyperbaric pressure (OP) on metalloprotease secretion, and address the question of whether a direct effect of OP on gene transcription occurs.
MATERIALS AND METHODS

Cell culture
Rat MCs were established as described previously [9] , and grown in RPMI 1640 medium supplemented with 10 % (v\v) fetal calf serum, 2 mM -glutamine, 100 µg of streptomycin and 100 units\ml penicillin (all products were purchased from Invitrogen, Groningen, The Netherlands) at 37 mC in a mixture of CO # \air (1 : 19).
Pressure chamber
The pressure chamber was constructed as described in detail previously [23] . Pressure values were adjusted by direct measurements of intrachamber pressures via an in-lying line and set at a P max of 30 and 50 mmHg (1 mmHg l 0.133 kPa), respectively, with a fixed oscillation ( f ) of 60\min. Oscillations were rhomboid, and P min was equivalent to atmospheric pressure (AP). As described previously, no significant differences for pH, P # or P # were found between AP and OP [23] .
Semi-quantitative zymography
Zymography was performed as described previously [9] . Rat MCs were fed with serum-free RPMI 1640 medium containing 0.2 % (v\v) serum albumin 24 h after outgrowth in six-well culture plates, and conditioning of supernatants was performed for 12, 24 and 48 h under AP or OP with a P max of 50 mmHg, P mean of 24 mmHg and f of 60\min. In addition, serum-free medium was exchanged after 24 h, and further conditioning for a period of 24 h was performed (indicated by label ' 48\24 ' on the relevant Figures) to determine differences of gelatinase A synthesis in the last 24 h during a total OP period of 48 h. Supernatants were briefly centrifuged to remove cellular debris. The amount of supernatant loaded for gelatin zymography was normalized for total cellular protein content, since no change in protein content per cell was determined with OP compared with AP. Conditioned media were added to nonreducing sample buffer before loading, electrophoresced on an SDS\7.5 % polyacrylamide gel containing 2 mg\ml gelatin, washed twice in renaturation buffer [50 mM Tris\HCl (pH 8.0)\ 2.5 % Triton X-100] for 30 min each wash, and incubated overnight at 37 mC in 50 mM Tris\HCl, pH 8.0\1 µM ZnSO % \ 5 mM CaCl # . Fixed and Coomassie Blue R250-stained gels were analysed by scanning, and relative band intensities were assessed using computer densitometry software (Biostep, Jahnsdorf, Germany). All experiments were performed as duplicates and repeated at least three times.
Reverse transcription (RT)-PCR
After MCs were exposed to AP or OP for different periods, mRNA was isolated using Oligotex (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Reverse transcription for cDNA synthesis was performed with 5 µg of total RNA Primers for rat gelatinase A were : sense, 5h-CAATACCTGAACACCTT-3h ; antisense, 5h-CTGTATGTGA-TCTGGTT-3h [26] , yielding a 227 bp amplification product. Primers for cyclophilin were : sense, 5h-CAACTCTAATTTCTT-TGACTTGCGGG-3h ; antisense, 5h-AGAGATTACAGGGTA-TTGCGAG-3h [27] , yielding a 100 bp amplification product. Thermal cycling conditions were equal for both reactions : after heating at 94 mC for 4 min, a total of 35 cycles were performed with 20 s at 94 mC, 25 s at 53 mC and 25 s at 72 mC. The final reaction was kept at 72 mC for 7 min, and amplified fragments were electrophoresed on an ethidium-bromide-containing 1.5 % agarose gel.
Nuclear extracts
MCs were grown to approx. 80 % confluence in tissue-culture flasks, exposed to AP or OP (30 or 50 mmHg respectively) for 5, 30, 60 and 180 min, washed twice with ice-cold PBS without calcium and magnesium, and scraped in 10 ml of cold PBS. Nuclear cell-extract preparations were performed exactly as described previously [28] [29] [30] .
Electrophoretic mobility-shift analysis
Synthetic oligonucleotides encompassing the response element-1 sequence (5h-AGCCTGCTGGGCAAGTCTGAACTTGTCA-GAAACCCACTAG-3h ; the sense strand) [31] was radiolabelled by means of T4 polynucleotide kinase using [γ-$#P]ATP. Singleand double-stranded probes were purified on 14 % polyacrylamide gels, eluted, and 2i10$ c.p.m. of labelled probe was included per binding reaction. Binding reactions were performed in binding buffer A [20 mM Hepes (pH 7.9)\20 % (v\v) glycerol\ 0.1 M NaCl\0.2 mM EDTA] containing 0.2 mM PMSF, 0.5 mM dithiothreitol, 300 µg\ml acetylated BSA and 2 µg of poly(dIdC) in a total vol. of 25 µl upon addition of nuclear and cytoplasmic extracts (total protein amount of 10 µg per binding reaction) at 22 mC for 30 min. Samples were electrophoresed on non-denaturing 4 % polyacrylamide\5 % glycerol gels in a buffer containing 1iTBE (45 mM Tris\borate\1 mM EDTA), followed by autoradiography at k80 mC. For supershift studies, monospecific polyclonal antibodies raised against two members of the signal transduction and activation of transcription factors (STAT) family, STAT1 and STAT3 (anti-GNN31, kindly provided by W. Mueller-Esterl ; [32] ), were added to the binding reaction 2 h before the addition of radiolabelled probe. A double-stranded nucleotide containing a STAT3-consensus binding site derived from the c-fos gene (sis-inducible element, or ' SIEM ' ; 5h-CATT-TCCCGTAAATCTTGTCG-3h) was used as competitor DNA.
Transient transfection studies
Transient transfections of MCs were performed using the liposomal Tfx-50 preparation (Promega) in six-well cell culture plates, as described in detail previously [28] . Gelatinase A synthesis under oscillating hyperbaric pressure
Figure 1 OP elicits a biphasic response of gelatinase A activity
(A) Gelatin zymography was performed with conditioned media from MCs. Cells were grown for 24 h under AP to allow for plastic surface attachment, washed and the medium was then exchanged with serum-free, albumin-supplemented medium and kept under AP or OP (f l 60/min) for the periods indicated. To detect changes within the last 24 h of a 48 h period, medium was exchanged again after 24 h and cells were kept under AP or OP for an additional 24 h (indicated as ' 48/24 '). Total cellular protein was determined and conditioned media normalized for protein amounts. Plasmids used included a luciferase reporter construct harbouring the rat gelatinase A regulatory sequences up to k1686 bp relative to the translation start site subcloned into pGL2-Basic (pT4 Luc1686), and the isolated response element-1 (RE-1) subcloned into reporter construct pGL2-Promoter (pGL2-P-RE-1). Cells were transfected, grown under AP and subsequently kept at either AP or OP for 2, 4, 24 or 48 h. The total transfection period was 48 h for all determinations. Luciferase activities were normalized by means of a co-transfected simian virus 40 (SV40)-β-galactosidase plasmid (Stratagene). All transfections were performed in triplicate and repeated at least three times.
RESULTS
Time-dependent effect of OP on MC gelatinase A synthesis
To investigate the effects of OP on MC gelatinase A activity, conditioned media of cells grown under AP or OP were analysed by zymography. As can be seen in Figures 1(A) and 1(B) , there was a single prominent lucent band with a molecular mass of 66 kDa, corresponding to the size of activated gelatinase A, which was increased within 12 h of OP compared with AP. A minor gelatinolytic band with molecular mass of 92 kDa, corresponding to gelatinase B (MMP-9), was also detected ; however, this was too faint for visualization by gel scanning. After 24 h, gelatinolytic activity was still increased in the OP group. At the time point of 48 h, a decreased gelatinolytic activity was detected in the OP group compared with the AP group. A second protocol was set up to observe changes in gelatinase A synthesis within the last 24 h of a period of 48 h of OP by performing an additional change of media. OP was continued for 24 h, and supernatants were processed as described above (indicated in Figures 1A and 1B by ' 48\24 '). As can be seen in lanes 13-16 in Figure 1 (A), gelatinolytic activity was markedly decreased in the OP group compared with the AP group. To exclude differences in cell viability between both groups, Trypan Blue exclusion staining was performed as reported previously [23] . Here, no significant differences were detected between the groups (90.0p5.2 % with AP as compared with 88.0p8.2 % with OP on day 4).
Previous studies performed with the OP model demonstrated a down-regulation of gelatinase A synthesis within 24 h of OP when OP was applied to cells that were grown to confluence [23] . The differences in gelatinase A synthesis under OP with confluent and non-confluent cells indicated growth-dependent differences of the pressure-related effect that might reside in growthdependent transcriptional regulation. Within the rat gelatinase A regulatory sequence, a potent enhancer element designated RE-1 at k1282\k1322 bp relative to the translational start site has been identified previously by Harendza et al. [31] , which confers approx. 80 % of constitutive gene activity of the proximal 1686 bp. To elucidate whether binding activities to this element differ in actively dividing cells compared with confluent cells, MC nuclear extracts were prepared from cells exhibiting exponential growth (approx. 40 % confluence on day 2) and cells grown to confluence for 6 days before OP was applied. In DNA-binding assays, nucleocomplex formation with the double-stranded RE-1 probe was drastically reduced with nuclear proteins from confluent cells compared with proteins obtained from exponentially growing cells ( Figure 1C) , suggesting that RE-1 transactivating factors are growth-dependent and less abundant with confluence.
Influence of OP on gelatinase A mRNA expression
To determine whether the changes of gelatinolytic activity were due to transcriptional or post-transcriptional regulatory 2) , whereas mRNA levels were equal in both groups after 24 h (lanes 3 and 4) . After 48 h of OP, gelatinase A transcripts were reduced compared with the AP group (Figure 2, lanes 5 and 6) . These results indicate that differences in gelatinolytic activities observed by gelatin zymography are due to concordant changes in gelatinase A gene transcription.
OP stimulates gelatinase A gene expression via the enhancer element RE-1
Transient transfection studies using reporter constructs harbouring the isolated regulatory element RE-1 were conducted to evaluate whether this element participates in the transient upregulation of gelatinase A expression. As can be seen in Figure  3 , reporter construct activity was significantly stimulated (2-fold) under OP within 2 h, whereas no trans-activation was apparent after prolonged OP of 24 and 48 h. This result suggested that most, if not all, of the initial pressure-related trans-activation of the gelatinase A gene was transferred by RE-1. When construct pT4 Luc1686 was tested with prolonged OP, no difference in reporter activity was detected (results not shown). Thus transcriptional repression is conferred through regulatory elements that reside outside of the analysed sequence.
Additional RE-1-binding activities appear with OP
To characterize further the initial stimulatory events taking place under OP within the context of RE-1, DNA-binding studies were performed using the double-stranded and single-stranded (sense strand) RE-1 as probe, as the latter has been shown to be specifically bound by several relevant transcription factors [28] . Nuclear extracts were prepared at time points 0, 5, 30, 60 and 180 min of OP. P max was set at 50 mmHg, as was the case during the gelatin zymography experiments. There was a rapid change of binding pattern within 5 min to both the double-stranded RE-1 ( Figure 4A ) and the sense-strand probe ( Figure 4B ) with the appearance of additional bands (indicated by the arrowheads labelled ' 2 ', ' 3 ' and ' 6 ' in Figure 4A , and ' 1 ' in Figure 4B ). The
Figure 3 Transcriptional trans-activation is conferred through RE-1
Transient transfection experiments were performed with MC using hybrid reporter constructs harbouring RE-1 in conjunction with a heterologous SV40 promoter (pGL2-P-RE-1). Upon transfection, cells were grown under AP and subsequently exposed to OP for time periods indicated. Transfections lasted in all groups for 48 h. Luciferase (LUC) measurements were corrected for transfection efficiencies by co-introducing a β-galactosidase vector and measuring galactosidase activities. Data are given from triplicate determinations, which were confirmed in three independent experiments and are expressed as meanspS.D.
differences in banding pattern lasted for at least 180 min. Notably, changes were obvious for cytoplasmic proteins (lanes 6-10 in Figure 4B ) ; that is, the intensities of major nucleocomplexes 1 and 2 were down-regulated and returned to basal levels after 180 min, implying a rapid nuclear translocation of pre-formed cytoplasmic activities. The formation of specific nucleoprotein complexes was ascertained by competition experiments using specific and non-specific competitor DNA ( Figure 4A , lanes 7 and 8) in 100-fold molar excess.
To elucidate whether this change of RE-1 binding could be attributed to pressure-related cellular changes, additional binding assays were performed using nuclear extracts that were prepared at a lower pressure level with a P max of 30 mmHg ( f l 60\min). As can be seen in Figure 4 (C), there was a similar rapid change of binding activity to the sense strand ; however, differences in binding were only present for a short time period of less than 30 min. Again, a concordant change of cytoplasmic binding activities was apparent. A similar transient change of nucleocomplex formation was also present with the double-stranded probe (results not shown). Taken together, these results support the notion that the pressure-related transcriptional up-regulation of gelatinase A gene expression was conferred by the previously described RE-1. The extent of binding-activity changes correlated with the maximum pressure level applied, supporting the notion of pressure-related transcriptional regulation.
STAT3 is part of the novel binding activities at RE-1
Closer inspection of the RE-1 sequence revealed the presence of a nearly perfect STAT3-binding motif within the 3h portion of RE-1 ( Figure 5A ) [33, 34] , which is highly homologous with STAT3 binding sites in the c-myc and α1-antichymotrypsin genes. This motif is not contiguous with the previously localized activating protein-2 (AP-2) binding site ; however, it overlaps with a region that is protected by Y-box protein-1 (YB-1) in dimethylsulphate methylation footprinting assays ( Figure 5B ) [28, 29] . As the mobilities of the novel binding activity clearly differed from the ones obtained under AP, and rapid signalling was evident 
Figure 4 DNA-binding activities at RE-1 under OP
(A) DNA-binding studies were performed using the double-stranded (DS) RE-1 as probe and nuclear extracts prepared at the time points indicated after cell exposure to OP (P max 50 mmHg ; f l 60/min). For cells grown under AP, three major bands can be detected (designated 1, 4 and 5), whereas OP led to the formation of additional complexes within 5 minutes, designated 2, 3 and 6. These additional nucleoprotein complexes were present for at least 180 min after OP exposure. Binding specificity was determined by inclusion of specific (s) and non-specific (ns) competitor DNA in 100-fold molar excess to the binding reaction (lanes 7 and 8). (B) When DNA-binding studies were repeated with the sense strand (SS1) of RE-1 as probe and nuclear extract (NE) prepared under OP of 50 mmHg (f l 60/min), a similar change of binding activities could be detected ; that is, enhanced binding of complex 2 and presence of a novel low-mobility complex, designated 1. Again, the appearance of these complexes is rapid, whereas at the same time cytoplasmic binding complexes (CE) are diminished (lanes 6-10). (C) To evaluate whether changes of nucleoproteincomplex formation were pressure-dependent, binding studies were repeated with nuclear extracts obtained after exposure to a lower OP of 30 mmHg (f l 60/min) and the sense RE-1 strand as probe. Again, a dramatic change of nuclear binding activities (NE) and appearance of a low-mobility band was apparent within 5 min. At the same time, complexes obtained with cytoplasmic extracts (CE) were diminished. Binding pattern changes with lower pressure levels were of short duration, as they returned to the ' baseline ' pattern within 30 min.
C
Figure 5 STAT3 specifically binds to RE-1
(A) Sequence comparison with known transcription factor binding motifs revealed the presence of a STAT3 binding site within RE-1. Matching bases for the centres of core-half sites that have been found to be bound by STAT3 [34] are shown in bold. (B) Summary of known transcription factor binding sites within RE-1, as determined by electrophoretic mobility-shift analysis or DNA footprinting analysis. Notably, the STAT-binding motif is contiguous with YB-1, NM23-β and one half-site of the p53 binding motifs. (C) DNA-binding studies were performed using nuclear extracts obtained after 3 h of pressure exposure (P max 50 mmHg) and the double-stranded RE-1 probe. As can be seen in lane 3, inclusion of a polyclonal anti-STAT3 antibody led to a supershift (indicated by *), whereas bands 1-4 were diminished. Inclusion of unrelated IgG did not alter the banding pattern. Competition experiments were performed using non-labelled SIE and scrambled oligonucleotides. Here, specific competition for binding could be detected with complexes 1-4, whereas complexes 5 and 6 were slightly diminished.
as has been described for STAT factors, supershift studies were performed using polyclonal anti-STAT1 and -STAT3 antibodies, double-stranded RE-1 probe and nuclear extracts obtained from MCs grown under OP for 3 h. As can be seen in Figure 5 (C), inclusion of anti-STAT3 antibody in the binding reaction led to diminished bands (indicated by arrowheads 1-4 in lane 3), while at the same time a low-mobility band appeared (supershift indicated by *). Similar experiments using an anti-STAT1 antibody failed to produce a supershift or diminished bands (results not shown). Addition of unrelated IgG did not change the binding pattern (lane 4). To confirm the involvement of STAT factor(s) in nucleocomplex formation with RE-1, DNAcompetition experiments were performed using the serum-inducible element (SIE) oligonucleotide (at 500-fold molar excess), which is derived from the c-fos promoter sequence and constitutes a known binding site for STAT1 and STAT3. As can be seen in lane 5 of Figure 5 (C), major complex formation of bands 1-4 was abrogated with the addition of SIE competitor DNA, whereas complexes 5 and 6 were slightly reduced. The reduced formation of complexes 5 and 6 might be due to competition for the second YB-1 binding site in the 3h portion of the probe. Specificity of competition was determined by addition of unrelated DNA, shown in lane 6, which had no effect on nucleocomplex formation.
DISCUSSION
In the present study, advantage was taken of a model system that allows for the generation of a defined OP without affecting the remainder of the culture conditions [23] . In this way, isolated effects of OP on matrix metabolism from MCs can be detected in itro. Previous data have showed increased collagenase-sensitive matrix generation under pressure-load [23] . In the present study, two members of the MMP superfamily were detected by zymography from MC culture supernatants, gelatinases A and B.
Whereas the amount of gelatinase B secretion and activation was unaffected by OP, significant changes in gelatinase A secretion were apparent with a biphasic response, consisting of a transient up-and subsequent down-regulation. A similar increase in gelatinase A activity by pressure-load for 24 h was detected by Singhal et al. [35] . In their study, pressure levels up to 105 mmHg were tested, which are far outside the range achieved with our model system. Most interestingly, a similar increase of gelatinase A activity was observed with the shear-stress model [19, 35] . To extend the findings by Singhal et al. [35] , which were confined to a 24 h observational period, our results demonstrate a biphasic response with subsequent down-regulation of gelatinase A activity. Using different methodologies, the present study shows that these changes can be attributed to differences in transcriptional regulation, and point towards RE-1 as the major ciselement for the initial transcriptional up-regulation. This element has been shown to be specifically bound by several transcription factors in its 5h portion, i.e. AP-2, YB-1 and p53, the binding sites for which are contiguous [28] [29] [30] 36] . DNA-binding studies reveal that, upon pressure exposure, additional binding activities to this element are rapidly translocated from the cytoplasm into the nucleus. Furthermore, the duration of novel binding activities present was dependent on the maximum pressure level applied. Sequence comparison of RE-1 with known STAT binding sites [34] revealed a nearly perfect match in the 3h portion of RE-1. In supershift studies, a member of the STAT family of transcription factors, STAT3, was identified as a component of the novel binding activities. DNA competition experiments support the notion of specific binding of STAT3 to the response element. NM23-β has been identified as yet another transcription factor binding to the RE-1 (S. Cheng, M. A. Alfonso-Jaume, P. R. Mertens and D. H. Lovett, unpublished work), rendering an even more complex picture of binding activities (summarized in Figure 5B ). Binding motifs for NM23-β, p53 and YB-1 overlap with the predicted STAT3 binding site ; therefore mapping of STAT3 contacts to the DNA by mutagenesis of this sequence will most likely also affect the binding of other proteins.
The cellular sensing and signalling events that take place with hyperbaric pressure are poorly understood. For pressure loading with a P max of 90 mmHg, a rapid activation of mitogen-activated protein kinase in MCs has been described recently [37] . This activation was transient, and lasted about 15 min. Subsequently, nuclear c-Fos levels were increased more than 10-fold for a prolonged period of at least 48 h. Thus a prolonged activation of transcription factors by pressure load may be observed, which could profoundly influence corresponding target genes. Both STAT1 and STAT3 are activated by osmotic shock via p38 [38, 39] . In this model, a prolonged activation of STAT factors for more than 180 min was detected after exposure to 600 mM sorbitol, a period similar to the one observed with pressure load. It is conceivable that changes in the cytoskeleton architecture occur in both models, which activate similar proximate signalling events.
Our results indicate that RE-1 provides a sequence motif for early pressure-related transcriptional changes, since it serves as a template for STAT3 binding. Notably, shear-stress-responsive elements (' SSREs ' ; sequence GAGACC) are not present within this element [40, 41] . The remaining pressure-related RE-1 binding activities could not be related to any of the previously identified binding factors (AP-2, YB-1 and p53), since attempts to ' supershift ' these failed (results not shown). For shear-stress-related transcriptional regulation, a multitude of proximal signalling events have been detected [20, [42] [43] [44] , which, among others, activate the transcription factors nuclear factor-κB [45] , c-Fos, c-Jun, Egr-1 and c-Myc [46, 47] . However, binding sites for these transcription factors are not present in RE-1.
In previous experiments, cells were grown to confluence before pressure was applied, and we observed a down-regulated gelatinase A activity after 24 h of OP (40 mmHg) compared with AP. This discrepancy in the response compared with our present findings with cells in the exponential-growth phase prompted further investigation of RE-1 binding activities in exponentially growing cf. confluent cell cultures. In these experiments, we observed a major decrease in binding activities at RE-1 with cell confluence, suggesting that the stimulatory response to OP is abrogated under these culture conditions.
In the present study, we were not able to identify sequence elements within the proximal 1686 bp of the regulatory sequence responsible for down-regulated gelatinase A expression. Studies are in progress to elucidate whether the recently described silencing element [48] located between k1903 and 1847 bp is operative in gene silencing with OP and prolonged pressure exposure. Given the importance of pressure-related end organ damage, which is not confined to the kidney, and its relevance for changes in the vasculature, it will be of great interest to understand the underlying transcriptional mechanisms and identify pressure-regulated target genes. Future work will also be aimed at the elucidation of proximal signalling events with pressure load, and the involvement of STAT factors.
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